Empowering marginalized waste pickers in developing countries is key to curbing plastic inputs to the ocean and tackling several Sustainable Development Goals. Financial mechanisms aimed at valuing non-recyclable plastic waste can trigger these workers' engagement with an expenditure lower than that of pollution impacts. But . who is going to pay the bill?
Marine plastic pollution is one of the most conspicuous environmental challenges of the Anthropocene. Global plastic production currently exceeds 300 million metric tons per year. At the current pace, global plastic production will double within the next 10-15 years and reach 1,800 million metric tons by 2050. 1 During the post-consumer phase, a significant fraction of produced waste has been mismanaged and resulted in environmental releases. Inputs from land originate from littering and river runoff, poorly controlled industrial processes, erosion from landfills, or direct discharges into rivers or oceans. These inputs are estimated to be in the order of 10 million tons per year and represent the largest contributors to oceanic plastic pollution. 2 Even if we account for increased recycling and incineration of plastic waste in the next decades, plastic releases to the environment are projected to double by 2050. 3 Although roughly half of all plastics in the market are single use, 3 most common polymers have been designed to persist over centuries and beyond. During this time, larger items tend to break into increasingly smaller debris down to the micro-and nanometer scales. There is a large and convincing body of evidence that plastic pollution adversely affects biota and ecosystems, but the scale and implications of these impacts are still far from being fully clarified. It has been documented that over 700 marine species have some form of interaction with plastic. 4 These range from habitat modifications (e.g., affecting nesting ecology in birds) to notorious direct, life-threatening impacts (e.g., entanglement, ingestion, and engulfment of the digestive tract).
Marine plastic pollution also has a direct cost to the global economy. The United Nations (UN) has estimated the total quantifiable natural capital cost to marine ecosystems to conservatively be US$13 billion annually. 5 A more recent assessment considers instead a 1%-5% decline in marine ecosystem-service delivery as a result of plastic pollution, which scales up to an annual loss of US$500-$2,500 billion. 6 According to the conservative UN estimates, a bill of roughly US$1/kg of mismanaged waste is currently shouldered by taxpayers and private enterprises facing the direct impacts on fisheries and tourism around the world. The invoice for externalities (indirect, unrecognized, or unassessed impacts) will instead be sent to future generations.
Although cleanup is indeed necessary at this stage, it is not a workable longterm solution. Phasing out plastic would be an endeavor of titanic proportions given the pervasive use of plastic in contemporary lifestyles, food packaging, construction, and manufacturing. Also necessary are measures to address the root problem, including public education, circular product design, and proper waste-management processes and infrastructures. It will probably take decades to make this transition, but immediate action is needed to curb plastic pollution and its impacts on the oceans and humanity.
A Workforce Ready for Action
Informal waste pickers and handlers across the world are estimated to be in the order of tens of millions. 7 This oftenoverlooked workforce can play a signifi-cant role in limiting releases of plastic to the environment. Informal waste handlers (i.e., workers operating outside any protective labor-law framework) are among the most vulnerable groups given that waste picking is often a last resort for marginalized urban residents and migrants escaping conflicts or unsustainable conditions. This is a sector that often indiscriminately welcomes some of the poorest men, women, and children on the planet. Empowering this workforce is arguably among the most direct, immediate, and effective ways to dam the global flow of plastic to rivers and oceans while simultaneously providing critical job opportunities.
Asian developing countries are believed to account for over 85% of terrestrial plastic inputs to the oceans 2,8 partly because of their large populations and inadequate waste management. Overloading of plastic in Asia is a consequence not only of local markets but also of the import of plastic-containing waste from developed countries. Waste management in Asian developing countries relies on millions of informal pickers, scrapers, and handlers and thousands of small-scale informal plastic-waste transporting, sorting, shredding, and remanufacturing units. In some developing countries, informal workers are also involved in formal waste value chains in that they carry out most of the scraping and sorting operations of these businesses. 9 Waste-management solutions that fail to acknowledge or engage informal waste workers risk being deleterious and ineffective by depriving many from their primary livelihood.
In some Indian cities, informal workers are integral to high-performance recycling centers. 10 We have recently visited one of the largest informal plastic-waste recycling sites in Delhi. This plant receives partially sorted waste collected by informal waste pickers across an area that reportedly spans hundreds of kilometers. Here, about 5,000 men and women work 6 days a week finely shredding and sorting plastic waste that will be sold to the remanufacturing industry ( Figure 1) . These workers are able to recognize and classify over 90 categories of materials according to polymer type, color, and other physical properties. Using rudimentary shredding tools and their incredible skills (including the ability to identify plastic materials from the sound they make when tapped), they efficiently carry out complex scraping and sorting tasks that are not readily performed by machines. The workers we met make about US$100 per month through buying partially sorted waste at a price of about US$0.15-$0.70/kg and selling it after fine sorting to pelleting units for US$0.30-$1.5/kg. (Note how close this figure is to the conservative US$1/kg price of plastic-pollution impacts estimated above.) These workers operate under labor conditions that would be judged as unacceptable by most given the low wages, lack of contractual power, and the risks posed to their health by coming into contact with waste of any sort. Despite these labor conditions, the informal sector is highly efficient and capable of capturing the residual value of plastic waste.
However, not all plastic waste is suited to handling by the informal sector. Figure 2 presents a minimalistic depiction of waste flows through an Indian plastic-waste value network. Single-use, low-density plastics such as those used for disposable bags and food packaging do not make their way to shredding and sorting plants. With no formal municipal collection in place, this waste is typically mismanaged and contributes to littering and open fires or is directly dumped into rivers and oceans. There is no harvestable residual value in it because the trade-off between the recovery value (e.g., through energy recovery) and the cost of collecting and transporting it to a landfill or an incineration plant is negative if not subsidized, as is common in the developed world. Single-use, valueless, and mis-managed waste is a major component of land-derived oceanic plastic pollution. Among the materials that are instead channeled through fine informal-sector sorting (mainly high-density plastics), 15%-25% is not suitable for further recycling ( Figure 2 ). This fraction includes both composite plastic-based materials in which the different polymers cannot be segregated and plastics that have deteriorated after many rounds of recycling. These materials will not be purchased by the pelleting industry because they represent valueless by-products and a net loss for the shredding and sorting unit.
Despite these material limitations, the informal sector is integral to waste management in many developing countries. Local governance of the informal sector can affect social outcomes for workers and their families, as well as the waste flow of entire cities. 13 We argue that, in addition to effective governance, financial mechanisms are needed to increase the value of non-recyclable fractions of plastic-waste streams. Informal waste pickers and handlers could capture this value by collecting this waste and trading it, for example, with a municipality or a purposely designated international agency responsible for ensuring a more acceptable end of life, thereby curbing environmental releases.
Creating Equitable Value for Nonrecyclable Plastic
The current perceived economic value of plastic is too low to ensure responsible consumption, waste management, and recycling-especially in developing countries, where formal handling of solid waste is insufficient. Given that a large fraction of produced plastic is non-recyclable, 3 not enough value is in place to appeal to the informal sector. We therefore advocate for a policy that would introduce an artificial yet economically and environmentally sustainable value for non-recyclable plastic. We envision that a plastic tax with international jurisdiction could initially finance the purchase of non-recyclable plastic waste from the informal sector. To this end, proposals for a plastic tax with international jurisdiction have been suggested recently. 14 The broader goals of such a mechanism would include the conservation of marine ecosystems and resources and the empowerment of millions of informal workers with potential co-benefits for Sustainable Development Goals concerning poverty, inequality, and inclusive economic growth.
Successful pilot initiatives that focused on engaging the informal sector in trading plastic waste with environmental nongovernmental organizations 15 or providing financial support to create seamless material flows between formal and informal businesses (as in the case of the Waste Bank in Indonesia 16 ) seem to support the workability of such an approach. These rather local initiatives have been so far fueled by either governments or private donations. The introduction of financial mechanisms such as a plastic tax would provide the conditions to scale such an effort. Society must move away from non-recyclable plastics, and waste pickers and handlers around the world can contribute to such a transition by collecting and trading these materials before they end up in rivers and the sea.
Implementing such a policy would not be simple. Important questions must first be addressed. What is a ''right'' price for non-recyclable plastics? Which infrastructural developments are needed? And above all, who is going to pay the extra bill? One option could be to tax the primary polymer industry, which mostly includes multinational corporations. The immediate effect of such a tax on industry would most likely be a general increase in the price of plastic throughout its entire value chain (in both pre-and post-consumer phases). This would provide the basis for a more environmentally sustainable valuing of plastic while increasing demand for recycled plastic. Fueling plastic-waste management with the revenue of such a tax could also attract private investments in the sector and create opportunities for the recognition and inclusion of currently marginalized workers. In turn, this could have positive implications for the industry as well. First, producers, manufacturers, and formal traders of plastics would be endowed with an inherently more valuable product than in present-day conditions. Second, tax-reduction schemes could be introduced to encourage multinational plastic corporations to directly engage in the post-consumer-phase business (including the recycling sector), producing opportunities for the development of greener technology and circular processes. Finally, direct commitment toward a serious environmental problem such as 
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One Earth 2, January 24, 2020 13 plastic pollution could provide the industry with a unique opportunity to constructively respond to rising environmental concerns, the lower acceptance of plastic by an increasing number of consumers, and the consequences of restrictive political actions.
Although the positive impact of a plastic tax on the environment could be significant, what would be the cost to consumers? Although many might object to paying more for their plastic gadgets, it is useful to consider a first-order projection of the economic cost of a cleaner world. For example, speculatively weighing an estimated US$10 billion/year to finance the action globally (equivalent to the UN conservative estimate of total current expenditure for pollution impacts 5 and roughly coinciding with US$1/kg of plastic entering the ocean), such a tax would account for a mere 0.5% of the turnover of the global plastic industry (about US$1,900 billion). 17 Asia can be considered the end of the global plastic value chain and the gateway to the oceans for a great deal of pollution. Implementing solutions here could produce co-benefits in relation to several Sustainable Development Goals. The proposed solution of valuing nonrecyclable plastic waste fully acknowledges existing actors in plastic-waste value networks in developing countries and has the potential to more rapidly curb oceanic pollution than traditional approaches requiring formal municipal waste-management systems and infrastructures (a strategy that has often proved to be unsatisfactory in developing countries). The proposed economic trigger would require planning and management effort on policy design, accurate calibration of the financial parameters, and the choice of a secure and manageable direct-payment system for the involved waste pickers and handlers. The knowledge of how to crack the full-scale workability of this solution in the real world is not yet fully established. This will require thorough scientific investigation in economics, social sciences, and policy analysis. Despite requiring some time, this does not appear to be an insurmountable challenge. Yet, time might be the limiting factor at present. We are unable to say for how long oceans can withstand continuous accumulation of plastic before the delivery of their services to humanity will irreversibly drop. We must act before the necessary financial resources will be diverted to indefinitely protracted remediation and cleanup projects. Pilot tests and local case studies to assess the proposed solution should be seriously and urgently considered. Estimated annual fluxes are reported in metric tons for recyclable plastic (gray) and non-recyclable plastic (blue), which represent value loss and potential environmental releases. Data are compiled from a literature review, 11, 12 UN Comtrade data, and a pilot survey we conducted in India in 2019, where we interviewed workers in the informal sector. Data are scaled to the national level, although information on recycling efficiency derives from data collected locally at the recycling plant and therefore might be poorly representative of the national estimates. management under the MARINFORK program (project number 302575).
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